Following the selection of the most appropriate method for emulsification and the optimization of the reaction medium, interlaboratory studies were conducted to check the effect of preparing Substrates and measuring the catalytic concentration of lipase at different sites äs well äs the effect of transport on emulsion. The determinations of lipase activity in an abnormal chemistry control against emulsions prepared by two laboratories (and used by both laboratories) and, also, against five separate emulsions prepared by one laboratory (and used by five different laboratories) resulted in average enzyme activity vahies (2234 ±125 and 2263 ± 204 U/l respectively) which are not statistically different. Standard preparations of lipase, control sera and reference materials can therefore be titrated according to the procedure followed by at least two laboratories for at least 3 days against two separate emulsions.
Introduction
. Differences between the assay procedures hitherto described are related to < he c ™P ositi ™ of the reacFor decades, the unique properties of pancreatic lipase (EC 3.1.1.3) have sustained a controversy over the tlon mixture ^& ^P e ™ d ^ncentration of bile salt) method and the in vitro conditions for reliable.determinand the *W* of emulsification procedure employed. Owations of the enzyme catalytic concentration (l -4). The in § to * e multitude of emulsification devices, there is a most widely used routine indkect turbidimetric method g^at Variation in the physical state of Substrates, which (5) requires the prior direct assay of Standards and, in turn affects the expression of lipase activity, thus hinmoreover, is restricted to low Substrate concentrations, dering the comparability of results obtained by difowing to the limitations of spectrophotometry (2, 4) . The ferent laboratories. latest titrimetric assays, which make use of continuousmonitoring pH-stat techniques for direct titration of the Within the context of this work, an effort was made to released fatty acids, offer a satisfactory approach to the deal with some of the main factors involved in the prepproblern, because they allow the use of high Substrate aration of Substrates and to subject the whole titrimetric concentrations while photometric artefacts are excluded procedure to an interlaboratory study. 
Materials and Methods

Apparatus and reagents
Samples
Lipase was purified from human pancreatic juice (collected from three patients who developed an extra pancreatic fistula) and stabilized in the presence of albumin (to provide a matrix close to the physiological one) according to a previously described procedure (12) . For studies on effectors, lipase was also purified from human pancreatic juice, but stabilized in the presence of low taurodeoxycholate concentrations according to a difFerent procedure (13) . Twenty-four plasma samples of patients sufTering from acute pancreatitis were also employed to study the correlation of the method with a commonly employed procedure.
Preparation of the emulsion
Six grams of emulsifier are dissolved in approximately 100ml of degassed water previously heated to 80-90 °C, by stirring for 15 min. The solution volume is brought to 250 ml with water and stirred for a few more minutes up to the point where a clear, transparent, but still viscous solution is obtained. The solution is transferred quantitatively in a preweighed stoppered bottle and after the addition of 50 g of olive oil (or the appropriate amount of triolein) the volume is brought to 350 ml with water. After shaking by hand for about 15 min, the distinctly coarse emulsion obtained is further dispersed äs follows: i) Minisonic®. Ultrasonic homogenization is achieved by pumping the process materials äs a common stream through a specially shaped jet orifice in the homogenizing head. The mixtüre is irradiated with two bursts (the duration of each one was 30 s), with a l-min pause period between them to avoid overheating.
ii) Sonifiet®. Probe sonication was performed three times during 30 s with 30-s pauses between them using the maximum capacity of the Instrument.
iii) Blender, A minimum volume of 200 ml, cöoled in ice-water to prevent overheating, was used; two bursts of 5 min with a 5-*nin pause were performed with a medium speed of 11000 min'
The concentration of Substrate is brought to the desifed levels after the addition of the effectors' Solutions (deoxycholate, colipase, calcium chloride) before the assay. Best storage conditions for the emulsions are achieved by keeping them in the refrigerator at a temperature between 2-8 °C. When preparing an emulsion volurne larger man 350 ml, dispersion by sonication or by a blender are achieved on successive 350 ml portions.
Study of physical properties ofemuteibns
The particle size distribution of the emulsions was determined with the aid of a Coulter Counter (aperture diameter = 30 ) ällowing measurement of particles with a diameter between 0.6 and 25 . Complete distributions (number-, surface-and volume distribution) were calculated assuming sphericäl particles (14) .
Assay
Unless otherwise specified the final concentrations in the reaction mixture per litre were äs follows.
Refined olive oil 100 g, sodium deoxycholate 70 mmol, colipase 0.2 mg, calcium chloride 0.5 mmol, hydroxypropyl methylcellulose 12 g. The initial reaction volume was 25 ml, the working pH 9.0, the temperature of the assay 37 °C. Maximal plasma lipase activity i s observed over the entire sample volume fraction ränge from 0.004 to 0.012. The enzyme activity is calculated äs follows:
where U is defined äs 68 of fätty acids released per minute; A is the analytical signal (ml NaOH delivered per minute) after deduction of the blank value; c the concentration of the titrant (in our System: sodium hydroxide 5 rnmol/l) in mmol/1; V the sample volume in ; l O 6 converts sample volume to litres.
Transferability studies
The stabil i ty of the sonicated emulsion and the transferäbility of the whole assay procedure were checked within the bounds of an interlaboratory study carried out in two stages:
-The preliminary trial that included two participating laboratories and -The final study that was completed with the participation of flve laboratories.
Vials of the same lot of Accutrol® containing high lipase activity were used by the participating laboratories.
i) Preliminary trial
Two separate emulsions were prepared by Laboratory l and Lal?oratory 2 on the same day, following the procedure described (see Materials and Methods). Each laboratory sent by air Courier half the portion to the other then measured the lipase activity in triplicate on both its own emulsion and the transported emulsion on prearranged days (day 2, 3, 4, 7 and 10 following the day of preparation). In this way, transferability was tested within the whole time ränge (10 days)j during which there was shown to be no significant Variation of the analytical signal recqrded against the same batch of emulsion (see precision data). Both laboratories recpnstituted a new vial of Accutrol® daily and used it äs the enzyme source. During this study, the influence on results of three conditions was simultaneously checked: 1) the preparation procedure (P) performed in two different sites; 2) the mesaurements (M) with the same emulsion by the two different laboratories; 3) the transport (T) of the emulsion from the site of preparation to the site where Eur. J. Clin. Chem. Clin. Biochem. / Vol. 32, 1994 /No. 10 the measurernents took place. The aims of the procedure followed are depicted schematically in figure l.
ii) Final study
Five separate emulsions and all the necessary reagents were dispatched frorn Laboratory l to all five laboratories on prearranged days. Each laboratory determined lipase activity in the same lot of Accutrol® on three days of its choice within 10 days frorn the preparation of the Substrate. For every set of determinations the content of a sealed sodium hydroxide ampoule was diluted for the preparation of the titrant, to ensure that any discrepancies observed would not be due to the titration solution.
Results and Discussion
Comparison between emulsification procedures
Sonifier® produces emulsions with a low average geometric mean diameter (2 μιη on the day of preparation, 2 μιη after 5 days, and 2.1 μπι after one week) and good homogeneity; however, using a total volume of 350 ml we observed a decline in emulsifying capacity. The Minisonic® produced droplets with a mean diameter of 2.7 μιη (tab. 1); the mean diameter remains practically unchanged during three weeks of storage at 4 °C, and the homogeneity is very satisfactory. The size distribution of oil droplets is depicted in figure 2 . The less homogeneous emulsion was obtai ed with a high-speed blenden more than 10% of the droplets have a diameter greater than 10 μιη, but also many droplets have a size below the detection limit of the Coulter (0.6 μιη). For this reason, only 58% of the theoretical oil volume is measurable (tab. 1) so the medium diameter for blended emulsions might be even lower than 2.2 μιη. On the other band, blended emulsions exhibit an early Separation of the two phases after 3 or 4 days of storage at 4 °C 5 while the sonicated emulsions retained a milky appearance and texture for 10 days; the inclusion of air bubbles in droplets of blended emulsions might also enhance the Separation. We therefore performed subsequent assays with emulsions prepared with Minisonic®, because they are sufficiently homogeneous and can be obtained at adequate volumes.
Effectors
Earlier studies showed that the extent of Inhibition of purified human lipase activity by 35 mmol/1 of bile salt depends on the type of bile salt used which, in turn, depends on the partition of bile salt molecules between the aqueous and the lipid phase; f ll Inhibition of enzyme activity occurs with 70 mmol/1 of bile salt regardless of the type (13) . Other comparative studies led to the conclusion that sodium deoxycholate at 70 mmol/1 ensures the highest purified enzyme activity in the presence of 0.1 mg colipase and 0.5 mmol CaCl 2 per litre (4). The aforementioned optimal assay conditions were re-confirmed during this study. The influence of colipase concentration on human lipase activity (in the presence of deoxycholate) was studied using different plasma samples (flg. 3). Colipase at 0.2 mg/1 appeared to enhance maximally the enzyme activity in most cases; differences in the degree of activation may be attributed to the presence of various amounts of endogenous colipase in human plasma, äs already suggested by Junge et al. (15) .
Substrate
Triolein was also employed at the optimal concentration (50 mmol/1), providing about 15% higher lipase activities, compared with refmed olive oil. Although no differences were found for the optimal concentrations of cofactors, triolein is the preferred Substrate because its composition is well defined.
Precision and stability data 
Conclusions
The approach described allowed the assessment of the transferability of the whole titrimetric procedure, including the preparation of Substrate. To our knowledge, this has never been previously tested for lipase assays based on "hörne made" emulsions. Being very time-consuming, the whole titrimetric procedure appears to be unsuitable for routine assays. However, the determinations of lipase in Accutrol® against emulsions prepared by two laboratories (during the preliminary trial) and five separate emulsions prepared by one laboratory (during the final study of transferability) resulted in average enzyme activity values (2234 ± 125 and 2263 ± 204 U/l respectively) which are not statistically different. Standard preparations of lipase, control sera and reference materials can therefore be titrated following the procedure described by at least two laboratories for at least 3 days against two separate emulsions. In this case, trioleinbased emulsions are preferred, since this type of substrate is relatively pure and well defined. We conclude that, under controlled conditions, the results obtained by titrimetric assays are transferable. This may be of help in the harmonization of results of routine assays by the determination of lipase activity in Standards and reference materials.
